Kr fusion-evaporation reaction at a beam energy of 165 MeV and studied using the Gammasphere and Microball multidetector arrays. The ground-state band and two signature-split negative parity bands of 76 Kr have been extended to ∼30h. Lifetime measurements using the Doppler-shift attenuation method show that the transition quadrupole moment of these three bands decrease as they approach their maximum-spin states. Two signatures of a new rotational structure with remarkably rigid rotational behavior have been identified. The high-spin properties of these rotational bands are analyzed within the framework of configuration-dependent cranked Nilsson-Strutinsky calculations.
I. INTRODUCTION
The proton-rich nucleus 76 36 Kr 40 has long been known to possess large deformations near its ground state [1] . Numerous theoretical calculations [2] [3] [4] [5] suggest a highly deformed nearprolate shape for the ground state of this nucleus, with an oblate minimum located approximately 600 keV higher in energy. Indeed, lifetime measurements [5] for the low-spin states of the positive-parity ground-state band have shown that the nucleus supports a quadrupole deformation of |β 2 | ≈ 0.33 (under the assumption of an axial symmetric shape). This band has previously been observed to 24h [5] , with the sharp up-bend in its moment of inertia at a rotational frequency ω = 0.65 MeV/h attributed to an effectively simultaneous rotational alignment of g 9/2 protons and neutrons.
The favored negative-parity excited band (in the following pages we refer to this band as Band D) observed in 76 Kr [5] [6] [7] has been assigned to the two-quasiproton configuration based on the π [431] − Nilsson orbitals [5] . This negative-parity sequence has been observed to exhibit very large B(E2) strengths [6] . Together with large values for, and * Electronic address: valiente@physics.uoguelph.ca.
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a strong similarity between, its measured kinematic ( (1) ) and dynamic ( (2) ) moments of inertia, these observations have led to the inference that this structure is among the best examples of rigid, collective rotation in the A ∼ 70-80 mass region. This rigid rotation has been attributed to the strong suppression of static pairing correlations resulting from the combined effects of the low-level density close to the large N, Z = 38 shell gap at β 2 ≈ 0.35, and the blocking of the key [431] − proton orbitals below this gap in the favored negative-parity configuration [5, 7] . The neutron alignment in this negative-parity band occurs at a rotational frequency ω = 0.75 MeV/h, approximately 0.1 MeV/h higher than in the ground-state band, suggesting a small change in equilibrium deformation or residual neutron-proton interactions for this excited configuration [5, 7] .
Recent work has established another signature-split negative-parity structure (in the following pages we refer to this band as Band E) in 76 Kr to 13h [8] , with the onset of a rotational alignment observed at ω = 0.55 MeV/h. A detailed study of the properties of this band led to its assignment to a two-quasineutron configuration based on the ν[301] protons [8] . The same data also allowed the observation of a strongly coupled, I = 1 band in 76 Kr to 10 + [9] . This latter structure was assigned to a two-quasineutron configuration Nilsson orbitals at a prolate deformation of β 2 ≈ 0.34. Lifetimes of the low-spin states in the ground-state band for 76 Kr have been previously studied up to spin 10 + [5, 6, 10] . According to Gross et al. [5] the transition quadrupole moment, before the pair breaking, changes from 2.90 e b for the 425-keV transition to 2.53 e b for the 1189-keV transition, which corresponds to an approximately constant quadrupole deformation for this spin range |β 2 | ≈ 0.33, if a prolate axial symmetric shape is considered. A few lifetimes for the lowspin transitions in the negative-parity yrast band have been reported by Piercey et al. [6] . Nevertheless these lifetimes have to be treated carefully, because the detector resolution in this experiment did not provide sufficiently clear Doppler profiles.
The present article reports on the extension to higher angular momenta of all of the previously observed bands in 76 Kr and the identification of a new high-spin band with remarkably rigid rotational behavior. The lifetimes of the high-spin states of the ground-state band and the two signature-split negative-parity yrast bands have been measured using the Doppler shift attenuation method [11] . These bands present a substantial loss of collectivity as they approach the highest-spin states. The properties of all bands observed to high angular momenta are compared with configuration-dependent cranked Nilsson-Strutinsky (CNS) calculations without pairing [12, 13] . These calculations provide a good description of the observed high-spin behavior and lead to configuration assignments characterized by the number of g 9/2 proton and neutron orbitals occupied at high angular momentum in each band. 2 40 Ca sandwiched between two 150-µg/cm 2 Au layers to prevent oxidation during installation of the target in the vacuum chamber. The backed target was a 225-µg/cm 2 40 Ca layer evaporated onto a 13.9-mg/cm 2 Au backing. γ rays were detected with 99 Compton-suppressed HPGe detectors of the Gammasphere array [14] , in coincidence with charged particles detected and identified with the 95-element CsI(Tl) Microball detector [15] . The beam current was maintained at approximately 2.3 particle-nA, and a total of 1.5 × 10 9 and 4.5 × 10 8 particle-γ coincidence events were recorded on magnetic tape during 83-and 24-h thinand backed-target experiments, respectively. The hardware trigger required at least four HPGe detectors (after Compton suppression) to fire in prompt coincidence in each experiment.
II. EXPERIMENT

High
γ rays emitted in the decay of excited states of 76 Kr were isolated in the offline analysis by selecting events in which four protons were detected in prompt coincidence in the Microball. Events in which five protons (populating 75 Br), an α particle, and four protons ( 72 Se) or four protons and a neutron ( 75 Kr) were evaporated but one particle escaped detection were removed from this data set by further requiring the sum of the kinetic energies of the protons and the total γ -ray energy detected in the Gammasphere to be consistent with the Q value for the four-proton evaporation channel [16] . The selected events were unfolded into a three-dimensional γ -γ -γ coincidence cube in which the γ -ray energies were Doppler-shift corrected on an event-by-event basis according to the momentum vectors of the detected protons [17] . The Radware suite of programs [18] was used to analyze this coincidence cube and establish γ -ray coincidence relationships and the 76 Kr decay scheme. With the same channel selection criteria, an asymmetric two-dimensional DCO (directional correlations from oriented states) matrix was also constructed. γ rays detected at angles between 79.2
• and 100.8
• relative to the beam axis were incremented on the x axis of this matrix, whereas those detected at angles >142.6
• were incremented on the y axis. As described in, for example, Ref. [19] , the ratio of the intensities of the coincidence peaks at locations (γ 1 , γ 2 ) and (γ 2 , γ 1 ) in this matrix, R DCO = I (γ 1 , γ 2 )/I (γ 2 , γ 1 ), provides useful information about transition multipolarities. In particular, taking a known stretched quadrupole transition for γ 1 yielded R DCO values of ≈1.0 and ≈0.55 when γ 2 was a stretched quadrupole or stretched dipole transition, respectively.
The thin-target data allowed the extraction of the lifetimes from the states at the top of the rotational bands, where lifetimes are of the order of tens of femtoseconds. These states decay while the recoil ions are slowing down inside the thin 40 Ca target. The centroid-shift Doppler attenuation method [11] , was used to measure the lifetimes of the high-spin states (I > ∼ 18h) in the most strongly populated bands in 76 Kr. In the analysis, the γ rays were Doppler corrected for a recoil velocity, β 0 , that corresponds to the velocity when the recoil was formed, as calculated according to the kinematics of the reaction. These Doppler-corrected data were sorted into 16 matrices, one for each of the 16 rings of Gammasphere, requiring the coincidence between the detectors in one specific ring and any other detector. Each of the spectra for the different rings show that the γ -ray peaks are slightly shifted. The shift in the centroids of the γ -ray peaks shows that the γ -ray transitions were emitted while the recoil was slowing down within the target. The mean instantaneous recoil velocity β t for each transition can be obtained measuring the centroid shifts of the peaks and the ratio F (τ ) = β t /β 0 , can be defined. The stopping powers were obtained using the SRIM-2003 code [20] . The fitting program takes into account the initial momenta of 76 Kr recoil, so no bias is introduced in the fit procedure because of the angular dependence in the particle detection efficiency of Microball. Although a bias is introduced in the momentum distribution of the recoils by Microball because of the particle-detection angular dependence, it is important when α particles are involved [21, 22] , and it was found to be negligible in the case of protons [23] .
The backed-target data provided additional lifetime information for the lower-spin states. Five matrices similar to the thin-target data were produced; in this case the required angles to produce the matrices were 31.7
• , 37. at forward angles, one at 90.0
• , and another at backward angles. To increase the statistics at the forward and backward angles, weighted averages of the 31.7
• , 37.4
• and 142.6
• , 148.3
• angles were used. To simulate the slowing down process the Ziegler and Chu stopping powers [25] were used. The velocity distribution seen by the forward-and backward-angle detectors as a function of time was calculated from 10,000 histories. The side feeding intensities were extracted from the spectra generated at 90.0
• . The program was modified to take into account the initial momenta of 76 Kr recoil resulting from the particle evaporation.
III. RESULTS
γ -ray coincidence spectra for each of the high-spin bands in 76 Kr, obtained by summing all pairs of clean double coincidence gates set on in-band transitions, are shown in Figs. 1 and 2 , whereas the decay scheme deduced for 76 Kr from the present work is shown in Fig. 3 . The bands are labeled from A to E, in addition to the ground-state band, in Fig. 3 . Throughout the remainder of this article these labels are used to refer to the bands. Tables I-VI summarize the measured data for each band.
The ground-state band of 76 Kr had been observed to 24h in previous studies [5] . We have extended this structure to (30h) through the observation of 2406-, 2793-, and 3207-keV transitions. As discussed in the next section, the (30 + ) state represents the effective termination of this rotational band.
Band A is the strongly coupled band first identified by Döring et al. [9] and tentatively established to 10 + . The current data allows an extension of this structure to 16 + . This band was tentatively assigned positive parity by Döring et al. [9] . The DCO measurements presented here for the 10 transitions linking this band to the remainder of the 76 Kr decay scheme confirm this assignment. We note that, because of the lack of clean gates among the in-band quadrupole transitions, the DCO ratios for Band A presented in Table II were obtained with gates on the strong I = 1 crossover transitions at low spin, assumed to have dominant stretched M1 character. With these gates, the other crossover transitions give DCO ratios of ∼1.0, as do the I = 1 linking transitions to the negative-parity bands, which are assigned as pure stretched E1 transitions. Both the I = 2 in-band transitions and the I = 0 transitions linking to the negative parity bands have DCO ratios of ∼2.0, as expected for stretched electric quadrupole, and I → I electric dipole transitions, respectively. The I = 1 linking transitions to the positiveparity bands give intermediate DCO ratios, suggesting mixed M1/E2 character. Although a DCO ratio could not be reliably extracted for the weak I = 2, 1363-keV transition from the 3097-keV state of this Band A (assigned I π = 5 + ) to the yrast 3 + state. It should be noticed that the existence of this transition strongly supports the positive-parity assignment for Band A, as an M2 transition would not be expected to compete with the other linking transitions. Although the discussion in the following section focuses primarily on the properties of the bands observed in the high-spin region (I 18h), we note that Tripathy et al. [26] have recently studied the structure of Band A using a deformed configuration-mixing shell model based on Hartree-Fock states. They predicted levels of 13 interpreted as a K = 4 + structure produced by a two-neutron excitation.
The 3 + , 5 + , and 7 + states assigned to Band B have been observed in previous work [8] . We have identified seven additional states built on this structure, establishing a rapid alignment of ∼3h in this band at a rotational frequency ω = 0.40 MeV/h. In previous work [8] the 2 + , 4 + , and 6 + states in the even-spin sequence at 1222, 1959, and 2765 keV were interpreted in terms of a γ -vibrational structure [4] , with the 8 + and 10 + states built on this structure at 3573 and 4436 keV. We have confirmed these levels and extended the band to I π = 20 + . In contrast to its odd-spin partner, no significant alignment process is observed in the even spin sequence.
Band C has been observed for the first time in the present study. γ -ray spectra for the two signatures of this band are shown in Figs. 1(b) and 1(c), respectively, whereas the data for the band are presented in Table IV . This was the most weakly populated of the high-spin bands observed in the present work, and definite spin and parity assignments were therefore not possible. One signature of Band C is tentatively linked to the ground-state band by a single 1257-keV transition. Figure 4 (a) shows the sum γ -ray spectrum obtained from a double coincidence gate set on this linking transition and the 1001-and 1192-keV transitions of Band C, whereas Fig. 4(b) shows the 1257-keV linking transition when a double coincidence gate is set on the two lowest transitions (1001 and 1192 keV) of Band C. All of the other transitions in Band C, as well as transitions in the ground-state band up to the 1280-keV γ ray can be seen in this spectrum. The R DCO ratio for the 1257-keV transition is consistent with either a I = 2 stretched quadrupole or a I = 0 nonstretched predominantly dipole transition. If the former is assigned, Band C would be yrast throughout the entire spin range over which it was observed in this experiment, and its very weak population relative to the ground-state band would then be difficult to understand. We therefore favor the latter choice and have tentatively assigned (I π = 12 + ) to the 6608-keV state of this band, although this assignment must be considered uncertain at the ±2h level. For the signature partner, no linking transitions could be established. The tentative (I π = 11 + ) assignment for the lowest observed state of this signature is based on the rigid rotational properties of the band, and the similarity of the moments of inertia for the two signatures under this assignment (see Fig. 7 ). The excitation energy of the odd-spin sequence is not determined experimentally, and the (11 + ) state is arbitrarily positioned at 6.4-MeV excitation energy in Fig. 3 , corresponding to a small signature splitting. With the above assignments, band C is near-yrast at high spins, but becomes rapidly non-yrast at low spins. This naturally accounts for the fragmentation of the decay out of this band at low spin that prevented its conclusive linking into the remainder of the 76 Kr level scheme.
Previous work [5] established the negative-parity Band D to a tentative spin of 22h. In that work, the transition from 19 − to 17 − was tentatively assigned as 1614 keV, whereas 1596-and 1697-keV transitions were proposed to extend the band from 18 − to 22 − . We have confirmed the 1596-and 1697-keV transitions in the even-spin sequence. The current data, however, indicate that a 1523-keV γ ray (observed in Ref. [7] but assigned to the decay of the 17 − state) deexcites the 19 − state and that the 1614-keV transition rather deexcites the 21 − state. As can be seen in Fig. 2(a) , this band, which becomes yrast at high spins, was very strongly populated in the present experiment. We have extended this band to 32h and 33h in the α = 0 and α = 1 signatures, respectively. The 12 new transitions are listed in Table V. Band E was populated in this experiment with approximately one-third the intensity of Band D at the equivalent spins. Previous work had established this structure to 13 − [8] . We agree with the previous assignments to this band and extend the signatures to 27h and 28h, respectively, delineating the full rotational alignment at ω = 0.60 MeV/h for the first time. The fifteen new transitions are detailed in Table VI .
In addition to the spectroscopic data presented above, the mean lifetimes of the high-spin states in the most strongly populated bands (ground-state band and Band D) were measured using the Doppler-shift attenuation method. Previous to this study no lifetimes of high-spin states above spin I π = 10 + for the ground-state band [5] and spin I π = 13 − for Band D (α = 1) [6] were known. gates on the last three transitions at the top of the band. The side feeding into these last three states assumes a rotational band sequence, with four transitions. The quadrupole moment of the side feeding bands was chosen to be the same as in the band under consideration. Figure 5 (a) shows fitted curves for three constant transition quadrupole moments along the band, corresponding to Q t = 1.5, 2.0, and 2.5 e b. The dashed line represents the constant shift for decays that happen outside the thin target. This plot illustrates that a reasonable fit of the experimental data cannot be obtained if a constant Q t is considered for the entire band. If a Q t = 1.5 e b is considered, the high-spin transitions are well described but a lower F (τ ) value is predicted for the lower spin transitions. The opposite occurs in the case that a Q t = 2.0 e b is considered. The lower spin states are well reproduced, whereas the high-spin transitions are predicted to be faster [larger F (τ ) values].
To obtain a reasonable fit of the measured Doppler shifts, the Q t value was approximately modeled as Q t (I ) = Q top t + δQ t √ I top − I . The superscript top indicates the highest-spin state observed experimentally in a band for the current work, for which a centroid shift could be measured. In the current data, this corresponds to a I top = 30 + , 31 − , and 30 − for the ground-state band, Band D (α = 1), and Band D (α = 0), respectively. The δQ t represents the variation of the Q t value within the band. The resulting fit is shown in Fig. 5(b) .
For the lower-spin states, the backed-target data were used to determine the lifetimes. The spectra were obtained gating on transitions above the level of interest. The side feeding that contributes to the lifetime of the states of interest was modeled using a cascade of four transitions of adjustable lifetime. Figure 6 shows the fit to the lineshape of the 1189-keV • , 90
• , and 35
• , respectively.
transition of the ground-state band. The lifetimes of the lowest spin states could not be determined because a large fraction of the decays took place when the recoil was completely stopped; therefore the transitions show a sharp peak, lacking any shape that could be used to determine the lifetime. 
IV. DISCUSSION
The kinematic (1) and dynamic (2) moments of inertia for the positive-parity bands in 76 Kr observed to high spin are shown in Fig. 7 , whereas for the negative-parity bands they are shown in Figs. 8 and 9 . For the ground-state band and the negative-parity bands D and E, sharp rotational alignments were observed at rotational frequencies ω = 0.65, 0.75, and 0.60 MeV/h, respectively. As mentioned in the Introduction, these alignments have been previously interpreted [5, 8] as the simultaneous alignment of g 9/2 protons and neutrons in the ground-state band, the alignment of g 9/2 neutrons in the two quasiproton excited configuration of Band D, and the alignment of g 9/2 protons in the two quasineutron excited configuration of Band E. Here we focus on the high-spin properties of the bands and the interpretation of the newly identified Band C. First we note that all of the observed bands exhibit a gradual decrease in kinematic moment of inertia at the highest rotational frequencies, a characteristic feature of the increasing energy cost to build angular momentum as a band approaches termination and exhausts the spin content of its single-particle configuration [27] . With the exception of this gentle decrease at high rotational frequency, however, the constancy of the moment of inertia of Band C is remarkable. In contrast to the other bands, no rotational alignment process is evident in the ω = 0.5-1.4 MeV/h frequency range over which Band C is observed. For Band D, the large kinematic moment of inertia at low spins has been interpreted [5, 7] + neutron orbitals, applies to Band E.
For Band C, the very large kinematic moment of inertia at low spin, its constancy with rotational frequency, and the absence of any alignment process suggest a complete collapse of static pairing correlations and an even more dramatic example of rigid rotational behavior. The measured transition quadrupole moments of the ground-state band and the negative-parity Band D show a clear evolution with spin [see Fig. 12(a) ].
It can be noted that the Q t value decreases slightly after the band crossing and from there onward a continuous decrease is observed as the highest spins are approached. This trend in the Q t value at high-spin states indicates that band termination is approached [27] , corroborating the gradual decrease in kinematic moment of inertia. A similar behavior of the Q t value along the ground-state band of 74 Kr has been observed previously [28] . Algora et al. [28] argued that the main contributions for the change of Q t at the band crossing is because of (i) the aligning particles originating from the g 9/2 orbital that contribute less to the quadrupole moment and (ii) a shape-driving factor related to the angular momentum gain in the alignment process.
To gain further insight into the structure of the high-spin bands observed in 76 Kr, we have performed a theoretical analysis employing the configuration-dependent shell-correction approach with the cranked Nilsson potential [12, 13] . Pairing correlations were not included in these calculations, which can therefore only be compared to the experimental data in the high-spin regime (I 15h). The energies of the favored high-spin collective configurations from these calculations are compared with the experimental results in Fig. 10 Fig. 10(b 56 Ni core. This conclusion is reinforced, as can be seen in Fig. 11 , by the calculated evolution of the equilibrium nuclear shape for the [2, 4] configuration, which evolves from prolate at low spins, through triaxial shapes to a close-to-oblate (γ = 55
• ) I π = 30 + state, showing still some collectivity at its maximum spin state. Comparing Figs. 10(a) and 10(b), excellent agreement is found between the observed properties of the ground-state band and the calculations for the [2, 4] configuration in the high-spin (I ∼16-30h) region, and the assigned 3207-keV transition at the top of this band can be considered as the observation of its high-spin termination. Nevertheless it can be noted 034311-10 In agreement with previous studies [5] [6] [7] , the favored negative-parity configuration [3, 4] in our notation involves a proton excitation and the occupation of an additional proton g 9/2 orbital relative to the ground-state band. As can be seen in Fig. 10 , the observed high-spin properties of Band D compare very favorably with the calculated spin dependence of this configuration. The deformation for both signature partners is very similar. It evolves from γ = −40
• up to large positive γ values in the spin range I ∼ 11-33h but band termination is not predicted in either case at their maximum spins (see Fig. 11 ). Signature splitting at the highest spins is observed to be somewhat smaller in experiment than predicted by theory. The calculations predict at a deformation of = 0.25-0.30 and γ = 30-60
• an energetically favored band for the spin range I = 22-32h that terminates at I max = 32 and presents a π {[(g 9 [2, 5] and involves a neutron excitation, with the occupation of an additional neutron g 9/2 orbital relative to the ground-state band. This configuration corresponds to that assigned to Band E by Döring et al. [8] , and Fig. 10 shows a good agreement between the high-spin experimental data for Band E and the CNS calculations for the [2, 5] configuration. Nevertheless, it can be observed in Fig. 10 that the calculated curves for the [2, 5] configuration show an energy increase at I ≈ 23h, whereas no real increase is observed in the experimental curves up to the highest observed spin values I = 28h. A possible explanation for this disagreement might be related to the appearance of a band crossing at high spins. Configurations with holes in f 7/2 might become competitive in energy at high spins, although with the current parameters that have been used in these calculations, these configurations lie higher in energy. A much more energetically favored configuration that could cross the [2, 5] configuration at high spin is an excited [3, 4] band, but in this case a nonsmooth crossing, as it is observed experimentally, is expected when crossing the [2, 5] and the [3, 4] configuration. The calculations do not predict band termination at its highest spin values I max = 31, 32h. Instead the deformation for this band stays in the range γ = −15-30
• . It can be noted, particularly, the near signature degeneracy for the band at high spin in both theory and experiment.
The collective bands that appear lowest in energy in the CNS calculations after those discussed above have the positive-parity configuration [3, 5] and can be considered as the combination of the proton and neutron excitations involved in Bands D and E, respectively. The favored band has a signature α = 0, i.e., even spin states. Two α = 1 bands of similar energy are then calculated, depending on the chosen signature for the protons or neutrons; only one of the bands is drawn in Figs. 10 and 11 . Although the spins of the experimentally 034311-11 [2, 4] and [3, 4] configurations that are interpreted as the ground-state band and Band D, respectively. observed states in Band C have not been definitively established, the two signatures of this band are plotted in Fig.  10(a) with the tentatively assigned spin values discussed in the previous section. With these spin assignments, excellent agreement between the properties of Band C and the calculations for the lowest pair of signatures for the [3, 5] configuration is observed. The uncertain excitation energy of the odd-spin sequence simply corresponds to a vertical shift of this signature in Fig. 10(a) . Calculations predict, as in the case of Band E, a collective behavior for the highest spin values I max = 34, 35h. The assignment of the [3, 5] configuration to Band C also provides a natural explanation of the very rigid rotational properties for this band shown in Fig. 7 . In the negative-parity Bands D and E, significant reductions in pairing correlations are associated with the blocking of proton orbitals just below and neutron orbitals just above the N, Z = 38 prolate shell gap, respectively. In the [3, 5] configuration, both of these proton and neutron orbitals are blocked. Combined with the already low-level densities at the proton and neutron Fermi surfaces for 76 Kr because of the large gap in the single-particle energy levels at N, Z = 38, this blocking could lead to a complete collapse of static pairing correlations at low spin values and the remarkably rigid rotational behavior of this band. As can be seen in Fig. 10(a) , Band C is close to yrast at the highest spins observed here. At low spins, however, pairing correlations begin to favor the other bands and Band C becomes highly non-yrast, decaying out, presumably through fragmented pathways, in the I ∼ 10h region. Together, these properties support the tentative spin assignments for Band C given in Fig. 3 and provide a consistent interpretation of the structure of this band based on the [3, 5] configuration involving both proton and neutron excitations relative to the ground-state band.
It has been shown that, although the CNS calculations presented in Fig. 10 provide a good description of the angular momentum dependence of the energies of the experimentally observed bands at high spin, the relative energies of the various configurations reveal a systematic trend in which configurations with more g 9/2 orbitals occupied appear lower in energy in experiment than in theory. A clear example of this behavior can be seen when comparing the ground-state band and Band D. The agreement between theory and experiment at high spins in the case of Band D, [3, 4] configuration could be improved if the [3, 4] configuration was lowered relative to the ground-state band, [2, 4] configuration, and this could be achieved by lowering the g 9/2 proton shell by approximatelly 0.5 MeV. The situation for the other observed bands is not so clear but it appears that if the neutron g 9/2 shell was also lowered by the same energy, the bands with many g 9/2 particles would be calculated too low in energy. Similar observations regarding the energetics of occupying the g 9/2 orbital have been made for a number of highly and superdeformed bands in the A ∼ 60 mass region [29, 30] . Together with these observations, the present data on 76 Kr provide additional support for a number of recent studies [31] [32] [33] in which it was concluded that the g 9/2 single-particle energy in this mass region is systematically placed too high relative to the pf-shell orbitals in all of the standard parameterizations.
Finally, Fig. 12 provides a comparison between the experimental transition quadrupole moment Q t and the theoretical Q t values for the high spin states of the ground-state band and Band D as a function of spin. In the case of the ground-state band the Q t value decreases from ∼2.3 to 1.8 e b. For Band D, the decrease is larger and changes from ∼2.8 to 2.2 e b (α = 1) and from ∼2.5 to 1.8 e b (α = 0). A similar trend of the Q t value as a function of spin has been previously observed, for terminating bands, in other mass regions, A ∼ 110 [34] and A ∼ 60 [35] . The CNS calculations performed to obtain the Q t values are known to present some problems when calculating transition probabilities, and therefore the calculated Q t values have to be treated with some caution when the band termination is approached [13, 27] . Keeping in mind the limitation in the calculations of the Q t values at high spin states, as we go higher in spin the general features of the Q t values can still be observed. Both experimental and theoretical Q t values show a smooth drop as the band loses collectivity. The calculations yield Q t values that are generally larger at large negative γ deformation but smaller when the bands approach termination at large positive γ deformation.
V. SUMMARY
In summary, high-spin states in 76 Kr have been studied in the fusion-evaporation reaction 40 Ca( 40 Ca,4p) 76 Kr using Gammasphere and the Microball multidetector arrays. The yrast band and two previously observed negative-parity bands in 76 Kr have been extended to I ∼ 30h, and their lifetimes measured using the Doppler-shift attenuation method. A new pair of signature partner bands have been identified with remarkably rigid rotational behavior. The high-spin properties of these bands were studied within the framework of configuration-dependent cranked Nilsson-Strutinsky calculations without pairing. Previous configuration assignments for the ground-state and negative-parity bands were confirmed, and a consistent interpretation of the new band was achieved based on a configuration in which 3 g 9/2 proton orbitals and 5 g 9/2 neutron orbitals are occupied, that is, involving both proton and neutron excitations relative to the ground-state band. The calculated transition quadrupole moments for the ground-state band and Band D present some differences with the experimental measured values in absolute scale; nevertheless, both show a smooth decrease as band termination is approached.
